Abstract-This contribution brings the results obtained by numerical modeling of a reactor chamber design. The reactor chamber is intended for the preparation of oil. The chamber is designed for the operating frequency f = 2.4 GHz with regulated microwave power. The power regulation allows the optimization of heat distribution in non-homogenous material with respect to chemical and physical material changes -phase changes. The paper presents a numerical model of a coupled problem. The coupled problem includes the radio frequency model and thermal field with non-linear thermal material. It was solved using sophisticated combined numerical method -the finite element method (FEM) and the finite volume method (FVM). The used material respects its own phase change from the liquid condition to the gas phase. The apparatus serves as an experimental prototype of the commercial one, that is currently being used by the ARS -Altman Recovery System Company.
The reactor exploiting active porous substance was designed for oil preparation. The reactor is fed with industrially produced mixture of oil and water. The desired reaction proceeds in the ceramic porous material. To achieve the desired reaction condition, it is necessary to heat the material and, simultaneously, remove the products of the reaction. After the reaction of water, further heating is undesirable with respect to side reactions.
Considering the above mentioned requirements, microwave heating was chosen. The microwave heating effect is selective for the reaction of water. The designed reactor operates at a frequency of f = 2.4 GHz, which allows selective heating in the active porous material of the chamber. The basic scheme of the reactor is shown in Figure 1 .
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MATHEMATICAL MODEL
It is possible to carry out an analysis of an MG model as a numerical solution by means of the Finite element method (FEM). The electromagnetic part of the model is based on the solution of full Maxwell's equations
where E and H is the electrical filed intensity vector and the magnetic filed intensity vector, D and B are the electrical field density vector and the magnetic flux density vector, J S is the current density vector of the sources, ρ is the density of free electrical charge, γ is the conductivity of the material and Ω is definition area of the model. The relationships between the electrical and the magnetic field intensities and densities are given by material relationships
The permittivity ε, the permeability µ and the conductivity γ in HFM are generally tensors with main axes in the direction of the Cartesian coordinates x, y, z. When all the field vectors performs rotation with the same angular frequency ω, it is possible to rewrite the first Maxwell equation
where E, H, J S are field complex vectors. Taking into account boundary conditions given in (1) and after rearranging (3) we get
We apply the Gallerkin method with vector approximation functions W i and use the vector form of the Green theorem on the double rotation element [3] . After discretation we get the expression
where {E} is the column matrix of the electrical intensity complex vectors. 
The vector approximation functions W are given in manual [4]; k 0 is the wave number for vacuum, Z 0 is the impedance of free space. The set of equation (5) is independent of time and gives E. For the transient vector E we can write
The results were obtained by the solution of the non-linear thermal model with phase change of the medium. The phase change occurs via the phase conversion of water to steam. Figure 2 shows the phase-change time characteristic of water. The thermal model is based on the first thermodynamic law
where q is the specific heat, ρ is the specific weight, c is the specific heat capacity, T is the temperature, t is the time, k is the thermal conductivity coefficient, v is the medium flow velocity. If we consider the Snell's principle, the model can be simplified as
The solution was obtained with the help of the ANSYS solver. The iteration algorithm (FEM/FVM) was realized using the APDL language as the main program. The simplified description of the algorithm is shown in Figure 3 .
FEM/FVM MODEL
A geometric model using HF119, HF120 and SOLID70 [1] in ANSYS software was built - Figure 4 . A solution of the coupled field model was performed using the APDL program. According to the microwave model solution the specific heat is evaluated. The non-linear thermal model including the phase change solves the temperature distribution. The analysis was performed for the time interval t ∈< 0, 300 > s and the analysis results were experimentally verified. The simulated results were found to correspond to measured values. A middle electrode was used in the model. The purpose of the middle electrode was to ensure the homogenous distribution of electromagnetic power and, subsequently, to increase the reaction efficiency. 
CONCLUSION
Different variants of the reactor design were analyzed. The aim was to evaluate the process and time of desiccation. Figures 5, 6 and 7 show the distribution of the electric field intensity vector module, the current density vector module and the temperature in the reactor chamber. Based on the results of the analysis, the concept of the industrial reactor was designed. The reactor is under tests currently. This problem was solved using the novel combined FEM/FVM method, which is very similar to the exact physical reality.
